
TOPIc 3 ENVIRONMENTAL CHANGE AND 
MANAGEMENT

   cHaPTER 15

Managing change in 
coastal environments 

    15.1  Overview 
  15.1.1  Introduction 
  The coast is home to 80 per cent of the world’s population, and it is 
a popular place to settle for reasons of climate, water resources, land 
for agriculture and industry, access to transportation systems, and 
recreation. Hence, it is essential to understand the changes that are 
occurring to coastal environments, and how they will affect human 
settlements. The changes are both natural and human-induced. They 
are sometimes short term (as a result of storms and tsunamis) and 
sometimes long term (climate change leading to rising sea levels). To 
cope with these changes, careful planning and management is needed 
to ensure a sustainable future for human activity at the coast.  

   Starter questions 
1    How do people use coastal   places  ? 
2    What   changes   have people brought to the coastal area in the image on these 

pages? 
3    What could you do here to help reduce this problem of man versus nature? 
4    What   changes   to coastal areas have you observed when visiting a beach?   

   Inquiry sequence   
    Syllabus outcomes   

  15.1  Overview   

  15.2  How are coastal landforms created?  GE5-2, GE5-7, GE5-8 

  15.3  How do deposition and erosion change coasts?  GE5-2, GE5-7, GE5-8 

  15.4  What are the human causes of coastal change?  GE5-3, GE5-7, GE5-8 

  15.5  Why did environmental change in the 
Tweed impact the Gold Coast? 

 GE5-3, GE5-7, GE5-8 

  15.6  How do inland activities affect coasts?  GE5-3, GE5-7, GE5-8 

  15.7 skillBuilder:  Comparing aerial 
photographs to investigate spatial change 
over time    

 GE5-7 

  15.8  Investigating topographic maps: What are 
the consequences of coastal change in Merimbula? 

 GE5-3, GE5-7, GE5-8 

  15.9  Why are low-lying islands disappearing?  GE5-3, GE5-7, GE5-8 

  15.10  How do we manage coastal change?  GE5-4, GE5-5, GE5-8 

  15.11 skillBuilder:  Comparing an aerial 
photograph and a topographic map    

 GE5-7 

  15.12  How do coastal areas change?  GE5-4, GE5-5, GE5-8 

  15.13 Review     GE5-2, GE5-3, GE5-4, 
GE5-5, GE5-7, GE5-8 

  key terms        

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

ONLINE ONLY

 Houses along Malibu Beach in California are 
regularly threatened by severe storms.
Is housing the most suitable land use for this 
area?   
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watch this video
cerum ad experibus solecat 
inullicimus. Equi, dolor quassimi
searchlight ID: eles-1584

  watch this video     
 Washed away 
  searchlight ID: eles-1710  
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326 Geoactive 2 NSW for the Australian Curriculum Stage 5

  15.2  How are coastal landforms 
created? 
  15.2.1  What are types of coastal landforms? 
  Marine and terrestrial structures found at the coast include beaches, bays, dunes and cliffs (see 
fi gure 1). Others such as fi ords are unique to Polar Regions. Structures found under the sea can 
include the continental shelf, canyons and trenches.     
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  FIGURE 1  The range of coastal landforms 

    1   Dune blowouts  — loose sand is blown from the dune because vegetation has been removed. 

    2   Caves  — formed where weak rocks are eroded on each side of a headland as a result of wave refraction. 

    3   Arch  — caves will erode on either side of a headland and join to form an arch. 

    4   Cliff  — created when erosion undercuts a rock platform and the weakened rock collapses. 

    5   Longshore drift  — moves sand and other material along a beach. 

    6   Estuaries  — of a river that are tidal and occur at the mouth of the river where it meets the sea. 

    7   Lagoon  — formed when a sandbar begins to develop, eventually closing an estuary. 

    8   Beaches  — formed when material is brought to the shore by waves. Spits can develop when deposited sand 
accumulates perpendicular to the beach. 

    9   Dunes  — formed when sand on a beach is stabilised by vegetation. 

    10  Stack  — created by ongoing erosion of an arch, where one section of the arch collapses. 

11       Blowhole  — formed when the roof of a cave collapses as a result of the action of waves. 

    12  Tombolo  — a spit joining two land areas. 

    13  Headlands  — when coastal rocks are very hard and resist erosion from the waves.    

  15.2.2  Ocean processes 
 Waves, tides, currents, rips, storm surges and  tsunamis form and transform coastal landscapes. 

 Winds generate waves and create swell. Destructive waves cause erosion of coastal landforms and 
are often associated with storm conditions (see fi gure 2). 

 Constructive waves deposit sediments to form beaches and sand dunes and are associated with 
calm weather (see fi gure 3).     

 Swash is the water that is washed onto the beach when a wave breaks. Backwash is the water that 
runs back down the beach. Destructive waves have more powerful backwash than swash. Construc-
tive waves have more powerful swash than backwash.   

   Longshore drift   occurs when the ongoing swash and backwash moves in a sideways direction and 
moves material in a zig zag pattern along the coastline (see fi gure 4). 

 Erosion and deposition are the main natural processes that create coastal change. Th ese processes 
are examined in more detail in subtopic 15.3.       

longshore drift  
a current that moves 
sediment parallel 
to the coast
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327Chapter 15 Managing change in coastal environments

Swash carries material
up the beach following
the angle of the waves

Pebble

Position 1

Position 2 Position 4 Position 6

Position 3 Position 5 Position 7

Backwash takes material straight
down the beach under gravity

 Longshore driftWaves approach the beach at
an angle similar to that of the wind.

Prevailing
(usual)
wind direction

FIGURE 4 Longshore drift

GEOskills TOOLBOX 

Exploring Google Earth
In the same way that topographic maps can 
show the shape of the land using contour lines, 
Google Earth can be used to examine change in 
elevation, and can show a cross section of the 
land between two points. To show the changes 
in elevation between two points, open Google 
Earth on a desktop or notebook computer and 
select Add Path from the Toolbar and name the 
path, which will become our cross section. Using 
the mouse or trackpad, draw a line between two 
points on the globe. Left-Click OK. Select the 
path from the Places panel. Under Edit, select 
Show Elevation Profile OR right-click the path and 
left-click Show Elevation Profile.
1 Using Google Earth, locate a coastal area with 

predominantly natural features.

a Identify three coastal landforms in or around 
this coastal area. Create a table like the one 
below. State the name of the landforms and 
describe them.

Coastal landform Description

b Create a cross section of one landform using 
Google Earth.

c Describe the advantages and disadvantages 
of creating a cross section using Google 
Earth compared to creating one by hand 
using a topographic map.

acTIvITIEs

IDENTIFY
1 Outline the two main coastal processes that 

form coastal landforms
2 Describe the differences between constructive 

and destructive waves?

EXPLaIN
3 Explain how longshore drift moves sand along 

a coastline.

PREDIcT
4 Predict what would happen on a beach if a 

council constructed a rock barrier at a right 
angle to the beach.

FIGURE 2 Destructive waves

Weaker swash

Destructive wave.
The backwash is more
powerful than the swash.

More powerful backwash
Scouring

More powerful swash

Weaker backwash

Construction wave.
The swash is more powerful
than the backwash.

FIGURE 3 Constructive waves
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328 Geoactive 2 NSW for the Australian Curriculum Stage 5

15.3 How do deposition and 
erosion change coasts?
15.3.1 How does deposition create coastal landforms?
Coasts are a dynamic natural system. The forces of nature are constantly at work, either creating 
new land or wearing it away.

Beaches
Sediments transported down rivers and eroded from cliffs provide the material for beaches to 
develop. Constructive waves move sand and sediment onto the shore to create beaches.

Dunes
Wind moves dried out sediments onshore and inland. A fore dune will form close to the beach. 
 Further from the shore a back dune will develop. Between the fore dune and back dune a depression 
will form called a swale. Dune vegetation helps to stabilise the sand and the landforms themselves. 
Vegetation becomes larger and more varied as freshwater and soil conditions improve further away 
from the beach (See figure 1). This progression of plants is known as the coastal dune vegetation 
 succession.

Other coastal landforms created by deposition include spits, bars and barriers.

coastal dune 
vegetation 
succession. the 
process of change in 
the plant types of a 
vegetation community 
over time — moving 
from pioneering plants 
in the high tide zone 
to fully developed 
inland area vegetation
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FIGURE 1 Transect showing the beach and stable and well-vegetated dunes

Measuring the length and angle of dunes
A measurement of the size and angles of coastal dunes can contribute to understanding how 
deposition and erosion have impacted on the dunes. To do this you need to identify the berm, fore 
dune, and back dune. Use a tape measure to determine the length of each landform. A clinometer can 
be used to determine the steepness of the dunes. Use the clinometer to determine the angle of the 
slopes for each landform. To do this, look through the clinometer and take the reading from within the 
eyeglass.

FOcUs ON FIELDwORk
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329Chapter 15 Managing change in coastal environments

Headland
erosion

BeachDeposition

Wave
direction

Headland
erosion

FIGURE 2 Wave refraction results in the concentration of waves on 
a headland.

15.3.2 How does erosion create 
coastal landforms?
The weight and pressure of sea water hitting 
coastal rocks can lead to weathering. When loose 
 sediments or pebbles are carried by the water this 
can exacerbate weathering. Erosional landforms 
include headlands, bays, cliffs, platforms, caves, 
arches, blowholes and stacks.

Headlands and bays
Harder rocks or rocks with fewer fractures form 
headlands that tend to resist erosion. Bays are 
 composed of softer rocks or rocks with more frac-
tures that are more easily eroded. This leads to the 
retreat of the coastline (see figure 2).

Cliffs and platforms
Platforms are flat, rocky, horizontal structures 
that have been worn down by the action of waves. 
Cliffs are raised, rocky structures. Waves wearing 
away the base of a cliff will create a notch, which 
will result in  collapse and the coastline moving 
further inland (see figure 3).

Caves, arches, blowholes and stacks
Caves are parts of the coast that have been more 
actively eroded from the surrounding rocky area, 
leaving a hollow in the cliff section. If part of the 
roof section of the cave collapses, in-rushing waves 
may be channeled up this chimney structure, forcing 
water and air out at the horizontal land  surface 
above. Stacks are simply remnants of cliff areas that 
have resisted erosion and been left stranded out 
to sea.

The line of cliffs retreats.

The sea attacks ahead
rather than down, so after
the cliff collapses and
rubble is carried away,
a wave-cut platform is left.

The notch becomes
larger and the weight
of the cliff causes it to
collapse.

The sea undercuts the
cliff, forming a wave-cut
notch.

FIGURE 3 Formation of cliffs and rocky platforms

acTIvITIEs

EXPLaIN
1 Explain why vegetation changes from the front 

of the fore dune to the back of the back dune.

aPPLY
2 Using the internet, find examples of well-known 

coastal landforms that have been created by 
erosion and deposition. Present your finding as 
a digital poster or presentation.

INvEsTIGaTE
3 Fraser Island is located off the coast of 

Queensland. It has been recognised as the 
largest sand island in the world and contains 

many specialised landforms, such as perched 
lakes, and unique coastal ecosystems. Once 
mined for sand and logged for timber, it has 
become a popular eco-tourism destination. 
An issue for today is how to sustainably manage 
the impacts of eco-tourism and protect the 
environment of this World Heritage listed 
island.
a Research the past and present uses of Fraser 

Island.
b When did it become a World Heritage site?
c What are some of its unique features?
d What does the future hold for Fraser Island?

Visit a coastal area and complete the following activities.
1 Determine the length of the berm, fore dune and back dune.
2 Determine the angle of the slope for each of the berm, fore dune and back dune.
3 Repeat the exercise at various locations along the beach.
4 Compare your results to determine the parts of the beach most affected by erosion and deposition.
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330 Geoactive 2 NSW for the Australian Curriculum Stage 5

GEOskills TOOLBOX 

Cross section
A cross-section is a diagram that shows the shape of a landform represented on a map.

Steps to follow to complete a cross section are:
a  Take a piece of paper and place it over the map between the two points.
b  Put a mark on the paper each time a contour line crosses the paper.
c  Make sure you record the value of the contour line (the height above sea level)
d  Plot the lines from your piece of paper on a graph. You will be given a scale on the vertical axis. It is 

usually the same is the contour interval on the map.
e  Draw a join the dots with a curved line.
�•� You�should�label�the�grid�references�or�places�that�are�your�beginning�and�end�point.
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70(e) 1 Describe how cross sections could be useful in 
conducting a geographical inquiry.

2 Examine the Merimbula Topographic map in 
subtopic 15.8. Construct a cross section from 
GR613125 to GR610123. Use a vertical scale on 
your cross section of 1 cm represents 10 metres.
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331Chapter 15 Managing change in coastal environments

15.4 What are the human 
causes of coastal change?
15.4.1 What types of human activities affect coasts?
Human activities along the coast can interfere with natural coastal processes, resulting 
in significant changes to coastal environments. Human impacts on coastlines include the 
construction of ports, boat marinas and sea walls; changes in land use (for example, from 
natural to agricultural or urban environments); and the disposal of waste from coastal and 
other settlements.

Our day-to-day lives across the globe contribute to global warming and sea level rise, which in turn 
also affect our coastlines. The greatest threat to coasts today is rising sea levels. It is recognised that 
global warming is a result of enhanced greenhouse gas emissions, which is human-induced. This 
is leading to the melting of polar ice caps and glaciers. Some of the predicted changes to coastal 
 environments due to global warming include:
•	 increases in intensity and frequency of storm surges and coastal flooding
•	 increased salinity of rivers and ground waters resulting from salt intrusion
•	 increased coastal erosion
•	 inundation of low-lying coastal communities and critical infrastructure
•	 loss of important mangroves and other wetlands
•	 impacts on marine ecosystems such as coral reefs.
(Source: World Ocean Review 2010, published by Maribus.)

GEOskills TOOLBOX 

Drawing a précis map from a satellite image
A précis map is a simple sketch map that can be drawn from either a photograph, satellite image 
or a topographic map. It shows patterns of an area, rather than all the specific detail as shown on a 
topographic map or photograph.

To draw a précis map, begin by drawing a frame or border for your map. You may like to lightly 
sketch in the lines that make up the grid squares from the topographic map if you are using one. Draw 
the basic outline of your map by following coastlines, drawing in waterways and any major roads. Often 
a précis map will be drawn based on a particular theme that you are studying. Examples of themes 
are vegetation types or land uses. Create a key that shows the categories of information that will be 
shown on your map and how each category will be represented (shading, colour, etc.). Examine the 
topographic map, photograph or satellite image and shade your map based on the patterns of features 
you can see. Include an appropriate scale, north point and title on your précis map.
1 Examine a satellite image of Clovelly and Gordon’s Bay from Google Maps. Create a précis map of 

the area showing the area’s patterns of settlement in relation to the coastline.

acTIvITIEs

INvEsTIGaTE
1 The Gold Coast is a popular tourist destination 

in Queensland.
a Research past and ongoing developments 

along its coastal zone and display these in 
the form of a photographic essay.

b Explore why these changes have taken 
place. Describe whether they have been 
mostly natural changes or human-induced 
changes.

c Different people and groups can have 
opposing opinions about change. List the 
various groups of people affected by coastal 
change in the Gold Coast. Describe how 
their opinions may differ.

2 Using the Internet, investigate how human 
activities have cause coastal change at 
one location outside of Australia. Describe 
these human activities and analyse the 
consequences of these human activities on the 
selected coastal zone.
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332 Geoactive 2 NSW for the Australian Curriculum Stage 5

 coastal change at clovelly 
and Gordon’s Bay, sydney 
 Nine out of every 10 Australians live 
within 50 kilometres of the coast, 
and many areas along Australia’s 
eastern coastline demonstrate the 
environmental change that results 
from human impact.   

 Clovelly Beach is a small beach 
located at the end of a narrow bay. 
Concrete platforms and walkways 
have been built either side of the 
bay, with steps providing access to 
the water. The concrete foreshore 
at Clovelly was constructed in 
the 1920s to provide easy access 
to the bay for swimmers. Some 
human impacts attempt to protect 
the Clovelly coast. The April 
2015 Sydney storms resulted 
in signifi cant erosion of Clovelly 
Headland near Shark Point, and 
as a result rock stabilisation works 
were required. Randwick City 
Council undertook this stabilisation 
work including excavation, 
installation of sandstone boulders 
and some landscaping.   

 Gordon’s Bay is located between 
Clovelly and Coogee Beaches 
and provides an idea of what 
Clovelly may have resembled 
in the past. Gordon’s Bay has a 
more natural landscape, with cliffs, 
rock platforms and some natural 
vegetation. Human impacts can still 
be seen around the bay with dense 
housing, walkways and a boatshed.   
1      Locate Clovelly Beach and 

Gordon’s Bay using Google 
Maps. Examine the location as a 
satellite image. 

    a      Describe the environmental 
change that has occurred at 
Clovelly Bay and Beach. 

    b      List the advantages and 
disadvantages of the concrete 
foreshore at Clovelly Beach. 

    c      Describe whether you think 
Clovelly or Gordon’s Bay 
would be a more popular area 
for visitors. 

    d      Predict how you think these 
areas will change over the 
next 20 years.   

2      Discuss whether all forms of 
environmental change along 
coasts have negative impacts on 
natural coastal environments.   

  FIGURE 3  Gordon’s Bay  

  FIGURE 1  Clovelly beachfront  
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  FIGURE 2  Remediation work at Clovelly   
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Tra
ining w

alls

FIGURE 1 The Tweed River training walls

Source: David Wall Photo/Lonely Planet Images/Getty Images.

15.5 Why did environmental 
change in the Tweed 
impact the Gold Coast?
15.5.1 What caused the loss of beaches on the Gold Coast?
Have you ever wondered where all the sand on a beach comes from and where it goes? 
Wind, wave and current action is responsible for moving sand on and off a beach and along a 
coastline. Human-induced environmental changes along the coast can interrupt these natural 
processes, often creating long-term problems. One such example is located on the Gold Coast in 
Queensland where a human-centred, that is, a technical ‘we can fix it’, viewpoint was taken.

Much of the sand that ends up on the beach actually comes from inland sources, the weathering and 
erosion of rock and soils. Sand is then washed into rivers and transported downstream to  eventually 
arrive at the coast. At the mouth of the Tweed River, at the southern end of the Gold Coast, sand 
would often block the river mouth, making it difficult for boats to pass through. As a result, a pair 
of training walls was constructed (see figure 1) 400 metres out to sea, to keep the mouth open.

These, however, effectively interrupted the longshore drift current, which moves sand along 
the coast.

training walls walls 
or jetties that are 
constructed to 
direct the flow of 
a river or tide

longshore drift 
current a current 
that runs parallel to the 
shoreline. It is created 
by the backward 
and forward motion 
of waves associated 
with longshore drift

FIGURE 2 The effect of destructive storm waves on Duranbah 
Beach

Source: Brad Wagner/Newspix.

Further north from the river mouth, 
natural wave action, especially during 
storms, continued to strip sand from 
the beaches. However, without new 
sand arriving in the longshore drift 
current, the beaches eventually eroded. 
Local residents and tourists had lost 
their beach (see figure 2).

The sand destined for the beach 
was effectively trapped at the southern 
end of the training wall, where it built 
out the Letitia’s Spit by 250  metres 
(see figure 3).
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334 Geoactive 2 NSW for the Australian Curriculum Stage 5

 Coastal protection works such as groynes, sea walls and training walls are usually built to protect 
man-made structures such as buildings and roads against erosion. However, they usually reduce 
the ability of coastal processes to adjust naturally, often exacerbating the problem and actually  
accelerating erosion.      

 Interactivity 
Pumping sand     
 Use this 
interactivity to apply 
the geographical 
concepts to the 
management of 
Tweed Heads 
beaches. 
  searchlight ID: 
int-3295  

  15.5.2  How was the problem solved? 
 In response, various attempts have been made to restore the Gold Coast beaches. Rock walls and 
  groynes   were built to trap sand further up the coast. However, they made the problem worse by 
interfering further with the longshore drift. 

 Eventually a sand bypass system was installed (see fi gure 3). It pumped sand from the build-up on 
the southern end of the training walls and piped it north to the eroded beaches. Consequently, each 
year, 500  000 cubic metres of sand have to be moved. Th is has been successful in maintaining the 
beaches, but it is an expensive and ongoing management technique.   

groynes  a structure 
(e.g. a rock wall) that 
is built perpendicular 
to the shoreline to 
interrupt the fl ow 
of water and the 
movement of sediment
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  FIGURE 3  Sand bypass system  
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335Chapter 15 Managing change in coastal environments

15.6 How do inland activities 
affect coasts?
15.6.1 Bangladesh
The country of Bangladesh is a large alluvial plain crossed by three rivers: the Ganges, 
Brahmaputra and Meghna. Each river carries massive volumes of water from its source in the 
Himalayas, spreads out along the deltaic plain, and empties into the world’s biggest delta, the 
Bay of Bengal. This makes Bangladesh’s coastline one of the most flood-prone in the world.

Apart from flooding by rivers in the delta, sea level rises caused by global warming will lead to the 
expansion of ocean waters and additional inflows from melting Himalayan snow. Scientists pre-
dict a one-metre sea level rise by 2100 if global warming continues at the current rate. The United 
Nations Intergovernmental Panel on Climate Change (IPCC) predicts rising sea levels will overtake 
17 per cent of Bangladesh by 2050, displacing at least 20 million people.

15.6.2 The Sundarbans
The Sundarbans region, a World Heritage site, is just one area of Bangladesh at risk from increased 
flooding. The Sundarbans are the largest intact mangrove forests in the world. Mangroves protect 
against coastal erosion and land loss. They play an important role in flood minimisation because they 
trap sediment in their extensive root systems. Mangroves also defend against storm surges caused by 
tropical cyclones or king tides, both common in the Sundarbans.

The Sundarbans also provide a breeding ground for birds and fish, as well as being home to the 
endangered Royal Bengal tiger. By sheltering juvenile fish, the mangrove forest provides a source of 
protein for millions of people in South Asia. Recently, the Sundarbans have also attracted a growing 
human population as Bangladeshis flee overcrowding in the capital city, Dhaka, or flooding and 
poverty in rural areas.

Increasing human occupation poses a severe threat to the Sundarbans. Most Bangladeshis rely on 
wood as a source of energy, and mangroves are being cleared to make charcoal for cooking. Aqua-
culture industries also have a negative impact. Mangroves are cleared to accommodate huge ponds 
for fish breeding, which quickly become polluted by antibiotics, waste products and toxic algae. 
This damage to the Sundarbans destroys Bangladesh’s natural defence against flooding.

15.6.3 The impact of flooding
The increase in temperature which has led to an increased melting of glaciers and snow inland in 
the Himalayas will exacerbate the existing problems of flooding in Bangladesh. Climate change also 
causes shifts in weather patterns. If the monsoon season (from June to October) coincided with an 

monsoon a wind 
system that brings 
heavy rainfall over 
large climatic 
regions and reverses 
direction seasonally

acTIvITIEs

IDENTIFY
1 List the various ways that sand can be moved 

in a coastal region.
2 What is the purpose of training walls at a river 

mouth?
3 Study figure 1. What effect have these training 

walls had on preventing a sand build-up in the 
Tweed River mouth?

EXPLaIN
4 Examine figure 3. Describe the direction of the 

longshore drift in this region.
5 Refer to figure 3. What is the approximate 

distance that sand has to be pumped from 
the sand collection jetty to the Kirra intermittent 
outlet?

6 One coastal geographer has stated that to 
manage the beaches along the Gold Coast, 

‘ecologically, non-intervention would be a 
better and more sustainable option’. This is 
an Earth-centred rather than human-centred 
attitude.

     a  Do you agree or disagree with this  
viewpoint?

b How could you manage this stretch of the 
coast without using engineering methods 
such as the sand bypass system?

7 How effective has the management of 
sand along this section of the Gold Coast been 
in terms of environmental and economic 
criteria?

PREDIcT
8 What changes would you expect to see along 

this section of coast if the training walls on the 
Tweed River were removed?

deltaic plain flat 
area where a river(s) 
empties into a basin

alluvial plain an 
area where rich 
sediments are 
deposited by flooding
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unseasonal snow-melt, fl ooding would occur on a scale never before seen, especially with the event of 
tropical cyclones. Land will be lost and people displaced. Many islands fringing the Bay of Bengal are 
already under water, producing ‘climate refugees’, people who have literally nowhere to go.   

India

Nepal

Bangladesh

Approximately 80 per cent of Bangladesh
is located on a large �oodplain and delta,

1 metre above sea level.

Irrigation has diverted much of the Ganges,
removing silt that would otherwise build up
�oodplains further downstream.

Tibet

Annual monsoon means:
• heavy rain and snow
• leaching of soils
• extensive run-off with
   resulting soil erosion.

Cyclones (violent storms) frequently hit Bangladesh, bringing torrential rain. 

Bay of Bengal

Ganges River 

Brahmaputra River 

Himalayas

Increased soil erosion causes a
build-up of silt in rivers, reducing

their capacity to deal with large �oods. 

Increasing population 
pressure in Nepal
and Tibet results in
deforestation.
This, in turn, causes:
•  landslides 
•  more run-off and even
    faster soil erosion.

Spring snow-melt causes soil erosion
and greater volume of water in rivers.

  FIGURE 1  Flooding in Bangladesh — some causes  

 Th e 1991 Bangladesh cyclone was 
among the deadliest tropical cyclones 
on record (see fi gure 2). Th e cyclone 
struck the  Chittagong district of south-
eastern  Bangladesh with winds of around 
250  km/h. Th e storm forced a six-metre 
storm surge inland over a wide area, killing 
at least 138  000 people and leaving as many 
as 10 million homeless. 

 Because of these risks, Bangladesh needs 
to plan and implement management strat-
egies based on understandings of the rea-
sons behind the changes and consideration 
of interactions between environmental, 
economic and social  factors operating in 
the region. Th e  government  encourages 
farming methods that avoid deforestation, 
and a ban is proposed on heavy-polluting 
vehicles. A  proposed economic solution is 

  FIGURE 2  A village on one of Bangladesh’s coastal islands was devastated by 
a cyclone in 1991. Although people in areas such as these are aware of the risk, 
overcrowding often prevents them from moving to safer regions.  
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ecotourism, as it attracts foreign currency while preserving the natural ecosystems and promoting 
sustainable development.

acTIvITIEs

IDENTIFY
1 Explain how mangroves minimise the impact of 

floods and coastal erosion?
2 State two reasons mangroves are being cleared 

in the Sundarbans.
3 Define ‘climate refugees’?

EXPLaIN
4 Refer to figure 1. Explain how the geography 

of Bangladesh makes it so vulnerable to the 
threat posed by climate change.

5 Explain how ecotourism plays a role in 
preserving Bangladesh’s ecosystems?

INvEsTIGaTE
6 List the factors that are displacing 

Bangladeshis and forcing them to move to the 
Sundarbans.

aPPLY
7 Refer to figure 1.

a Describe how cyclones can contribute 
towards flooding in Bangladesh.

b List some short-term and long-term 
actions that neighbouring nations Tibet, 
India and Nepal could implement to 
lessen the impact of flooding in places like 
Bangladesh.

c Divide a table into three columns with the 
headings ‘Food production’, ‘Transport’ and 
‘Settlement’, and list the consequences of 
flooding for each category.

8 Discuss in small groups to what extent 
you think economic goals and objectives 
are important with respect to environmental 
goals such as reducing greenhouse gas 
emissions and societal change. Listen 
respectfully to one another’s views. Decide 
as a group what policy direction you would 
push if you were in a position of influence in 
government, and present this view jointly to 
the class.

9 Research a coastal case study in Australia or 
Asia of a location impacted by flooding and 
managed by multiple authorities. 
a Define the geographical location of the 

case study and the physical processes that 
shape it.

b Describe how the area is impacted by 
change currently and how it may change in 
the future. 

c Outline the different groups that play a role in 
managing change in the area.

15.7 SkillBuilder: Comparing 
aerial photographs to 
investigate spatial 
change over time 
Why is it useful to compare aerial photographs?
Aerial photos are images taken above the Earth from an aircraft or 
satellite. Two images taken at different times, from the same angle, 
and placed side by side, show change that has occurred over time. 
Comparing aerial photographs is useful because each photograph 
captures details about a specific place at a particular time.

eLesson
Watch this video to learn 
how to compare aerial 
photographs to investigate 
spatial change over time.

searchlight ID: eles-1750

Interactivity
Try this interactivity to learn 
how to compare aerial 
photographs to investigate 
spatial change over time.

searchlight ID: int-3368

ONLINE ONLY

Interactivity
Bangladesh  
awash 
Use this interactivity 
to explore the 
interconnections 
between human 
changes to the 
Bangladesh 
landscape and their 
consequences.
searchlight ID:  
int-3297

(a) (b)
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   15.8  What are the consequences 
of coastal change in Merimbula? 
  15.8.1  Coastal change in Merimbula 
  Merimbula is a coastal resort town on the south-east coast of New South Wales. The ‘Sapphire Coast’ 
is a popular tourist destination because of its array of beautiful beaches, stunning scenery and mild, 
sunny weather. Similar to any other popular coastal location, the main pressures on this coastal system 
relate to the development of the town and tourist facilities. Careful management has enabled growth of 
the urban area while at the same time protecting many of the natural features of the coastline.    

 Th e natural landform features along this coastline include a series of headlands separated by bay 
head  beaches. Merimbula Lake has formed from a slow and gradual build up of a sand barrier, 
leaving only a narrow channel for salt water to enter and fresh water to exit (see fi gure 1). Th e shallow 
and sheltered waters of the lake provide an ideal environment for oyster farming and recreation.        

  FIGURE 1  Aerial view over Merimbula Lake  

acTIvITIEs

  Refer to the topographic map of Merimbula (fi gure 2) to 
answer these questions. 

aPPLY
1    Create a précis map of Merimbula. Show, shade and label 

the following natural features: 
•�   beaches •�   rocky areas 
•�   Merimbula Lake •�   Back Lagoon 
•�   Merimbula Creek.   

2    Create an overlay map to show the distribution of built-up 
(urban) areas. Finish your map with BOLTSS.   

3  a    Look closely at the contour lines. What is the relationship 
between elevation and the built-up areas? 

b    Approximately what percentage of built-up areas would 
be on land higher than 20 metres above sea level? Are 
there any exceptions to this rule? Where? 

c    Suggest a reason for your observations.   
4    Mark on your map the area(s) where you would expect 

wave action to be the most powerful. Include a symbol for 
this in your legend. 

5    Give a reason why sand has built up to form a beach at 
Middle Beach and not at Merimbula Point. 

6    Would you expect the water in Back Lagoon to be fresh or 
salty? Use evidence from the map. 

7    In what ways have people   changed   this coastal 
  environment ?  List and describe how these  changes  
might infl uence the natural processes along the coast.   

 PREDIcT 
8    If, in the future, the sea level was to rise by 10 metres, 

which of the following features would be safe from the 
rising sea? Why or why not? 
a    The caravan park, located at GR613137 
b    Merimbula Airport, located at GR585113   

9    In what direction(s) is Merimbula likely to expand in the 
future? Justify your decision. 

10    Imagine that a series of storms erodes the sand off 
Merimbula Beach. The local council then decides to build 
a series of groynes along the beach to trap sand that 
moves north in a longshore drift current. 
a    On your map, mark in six groynes approximately 50 

metres long and 500 metres apart. How might the beach 
change in appearance after the groynes are built? 

b    Draw the new shape of the beach on your map using a 
black dotted line. Include this symbol in your legend. 

c    Will sand continue to accumulate at the mouth of 
Merimbula Lake after the groynes are built? Explain your 
answer.     

Interactivity  
Predict changes 
around Merimbula     
 Use this interactivity 
to consider changes 
to Merimbula’s 
natural and human 
environments. 
  searchlight ID: 
int-3296  
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Key

CONTOUR INTERVAL 10 METRES

SCALE 1:25 000
2 km0 km 0.5 1

Source: © LPI - NSW Department of Finance and Services [2013] Panorama Avenue, Bathurst 2795

58 59 60 61
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  FIGURE 2  Topographic map extract of Merimbula  
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15.9 Why are low-lying 
islands disappearing?
15.9.1 Low-lying island
As a result of climate change, many low-lying islands will be flooded by the sea. Thermal 
expansion of oceans and melting ice leads to rising sea levels, threatening many coastal 
communities. Many island groups in the Pacific and Indian Oceans will be almost completely 
inundated by 2050.

Coastal storms, tsunamis, flooding, inundation, erosion, deposition and saltwater intrusion into 
freshwater supplies present a combined threat to coastal regions. With stronger windstorms possible, 
many low-lying communities will be at risk from storm surges (see figure 1 and table 1).

People living on low-lying islands will be among the first wave of ‘climate refugees’. Due to envi-
ronmental change, mainly through rising sea levels, some people have already had to move, and many 
more could be without a home in our lifetime.

15.9.2 Rising sea 
levels in the Pacific
Many of the Pacific Islands 
are small and can in some 
cases be described as an atoll. 
Their national boundaries, 
which include the waters and 
economic zones they control, 
extend over vast distances. 
Hence, islands such as Kiri-
bati, Tuvalu and the Marshall 
Islands in the south-west 
Pacific, which are only a few 
metres above sea level, are par-
ticularly vulnerable to rising 
sea levels and associated severe 
storm activity due to climate 
change (see figure 1).

The economies of these 
Pacific Islands are small-scale, 
and earnings are not high, 
with a reliance on what lim-
ited natural resources occur on the islands and in the surrounding ocean waters. Due to sandy soils 
and low altitudes, although rainfalls can be plentiful, little can be retained as streams are few and 
groundwater is scarce. Hence any incursion by sea water can be devastating for agricultural produce 
(see figure 2), the urban environment and tourism, which has more recently become a money earner 
for these islands.

TaBLE 1 Selected Pacific Island nations, area and population

Island
Land area 

(km2)
National extent 

(km2) Population

Gross income 
per person per 

year (US$)

Highest elevation 
(metres above sea 

level)

Kiribati 717 3 550 000 100 000 1120 80

Marshall Islands 181 2 131 000 54 000 3240 10

Tuvalu 26 900 000 10 000 2440 5

Australia 7 690 000 7 690 000 23 000 000 36 900 2229

tsunami a powerful 
ocean wave triggered 
by an earthquake 
or volcanic activity 
under the sea

atoll a coral island 
that encircles a lagoon

M I C R O N E S I A

M E L A N E S I A

P O LY N E S I A
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Islands under threat
of disappearing
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Source: MAPgraphics Pty Ltd, Brisbane

FIGURE 1 Low-lying islands in the Pacific under threat of disappearing due 
to climate change

c15ManagingChangeInCoastalEnvironments.indd   340 19/10/16   5:42 pm

UNCORRECTED P
AGE P

ROOFS



341Chapter 15 Managing change in coastal environments

Apart from the predicted rise in sea levels due 
to global warming, a secondary impact on the 
life of Islanders will be increases in the tempera-
ture of the sea, which will affect coral reefs and 
fish stocks that live in that environment. As for 
the Great Barrier Reef in Australia, bleaching 
and death of coral reefs can lead to the destruc-
tion of the whole aquatic ecosystem, and this 
will have devastating impacts on the Islanders’ 
main diet, which is fish and other forms of sea-
food.

What can the Islanders do?
If food crops are destroyed by rising sea levels, 
storm surges and saltwater pollution, the 
Pacific Islanders do not have much scope for 
importing food due to their remoteness, high 
transport costs and low earnings of individuals. 
 Combined with loss of seafood stocks, the 
Islanders will need to move to other islands to 
find a new home and livelihood.

The Pacific Islanders are strong advocates for the policies of the Kyoto Protocol on climate change. 
The Protocol has set up a range of measures to reduce the impact of greenhouse gas emissions by 
introducing carbon trading schemes and energy-efficient forms of technology such as wind and solar 
power. The leaders of the Pacific nations have spoken at the United Nations and many international 
climate change forums to make others aware of their delicate situation and vulnerability to rising sea 
levels. They have also approached nations such as Australia and New Zealand to see whether they 
might be able to establish a migration policy into the future.

15.9.3 Rising sea levels in the Maldives
The Maldive Islands are located in the Indian Ocean, to the south-west of India (see figure 3). There 
are about 1200 coral islands, grouped into 26 atolls, most of which average no more than one metre 
above sea level (the highest point in the island group is just 2.4 metres above sea level). Economically, 
the nation depends on tourism and the continuing appeal of its beautiful beaches.

The Boxing Day tsunami of 2004 exposed how vulnerable the Maldives are, when the wave swept 
across many low-lying islands, causing widespread destruction of their fruit plantations. The rela-
tively low number of deaths was due to the fact that most of the population lives in Malé, which is 
protected by a huge sea wall (see figure 4).

storm surges a 
temporary increase 
in sea level from 
storm activity

Kyoto Protocol an 
agreement negotiated 
in 1999 between 
160 countries 
designed to bring 
about reductions 
in greenhouse 
gas emissions

FIGURE 2 Poulaka crops killed by salt water due to rising sea levels
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FIGURE 3 Location of the Maldive Islands
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Only nine islands were reported to have escaped any flooding, while 57 islands faced serious 
damage to critical infrastructure, 14 islands had to be totally evacuated, and six islands were destroyed. 
A  further 21 resort islands were forced to close because of serious damage. The total damage was 
 estimated to be more than US$400 million, or some 62 per cent of the GDP. One hundred and two 
Maldivians and six foreigners reportedly died in the tsunami.

The impact of climate change
The longer-term threat to the Maldives, however, is posed by global warming. Sea levels are currently 
estimated to be rising by about 2 to 3 millimetres each year. Melting glaciers and polar ice are adding 
to the water volume of the oceans; also, as the water warms, its volume increases. The United Nations 
Intergovernmental Panel on Climate Change predicts that, by the year 2100, sea levels will have risen 
by anywhere between 9 and 88 centimetres. In the worst case, this would see the entire nation of the 
Maldives virtually submerged.

What actions can save the islands?
The application of human–environment systems thinking in the form of various schemes is being 
examined by the Maldivian Government, including moving populations from islands more at risk, 
building barriers against the rising sea, raising the level of some key islands and even building a 
completely new island. However, these approaches offer only short-term solutions. The longer-term 
sustainable challenge is to deal with the basic problem: global warming itself. It is perhaps under-
standable that the Maldives was one of the first countries to sign the Kyoto Protocol, which sought 
international agreement to cut back carbon dioxide emissions.

FIGURE 4 Malé, the capital of the Maldives, occupies an entire island of its own. Why is there a need for  
a sea wall?

FIGURE 5 A tsunami break wall in Malé, part of the island’s defenses against future natural disasters 

Sea wall
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343Chapter 15 Managing change in coastal environments

 Unless the international community agrees to an environmental worldview that incorporates 
changes to make large cuts in emissions, the problems facing the Islanders will get worse. Numerous 
people will have to seek refuge in other countries. Without global action, eventually the Islanders will 
lose their countries.     

  15.10  How do we manage 
coastal change? 
  15.10.1  Changing coastlines 
  Coastal environments have not always been managed sustainably. In the past, decision-makers 
had limited knowledge about the fragile nature of many coastal ecosystems, and they had limited 
environmental world views about the use of coastal areas. Their aim was to develop coastal areas 
for short-term economic gains. This was based on the belief that nature’s resources were limitless. 
Building high-rise apartments and tourist resorts on sand dunes seemed a good idea — until they 
fell into the sea when storms eroded the shoreline. Over time, people have realised that coastal 
management requires an understanding of the processes that affect coastal environments. 

To manage the coast sustainably we need to understand:  
•	    the coastal environment and the eff ect of physical processes 
•	    the eff ect of human activities within the coastal zone 
•	    the diff erent perspectives of coastal users 

acTIvITIEs

  IDENTIFY 
1    Many islands in the Pacifi c and Indian Oceans 

are under threat from rising sea levels. Explain 
why this is the case. 

2    Explain what the governments and Pacifi c 
Island peoples do, both in the short term and 
long term, to solve the problems they will face 
due to climate change? 

3    Describe how climate   change   is threatening 
water supplies and affecting food resources?   

 INvEsTIGaTE 
4    Use the  Maldives   weblink  in your eBookPLUS 

to watch the news article on the Maldivian 
island of Maduwaree. Summarise what is 
contributing to the receding coastline. Detail 
what   environmental  , social and economic 
impacts the   change   is having on the 
inhabitants, and outline what management 
solutions are proposed.      

 PREDIcT 
5    As a class, discuss other parts of the world you 

can think of that might also be threatened if sea 
levels were to rise by about one metre over the 
next 100 years. Justify your views.   

 aPPLY 
6    In groups, discuss the following statements 

concerning the impacts of climate   change   
in the Pacifi c and Indian Oceans using 
  environmental ,  economic and social criteria. 
Alternatively you may wish to use a SWOT 
analysis to help in evaluating each statement. 

a    Australia and New Zealand should be 
prepared to re-settle the 100  000 people of 
the islands of Kiribati if sea level rises create 
a ‘climate refugee’ problem. 

b    Increasing the height of the sea wall around 
the island of Malé will solve the threats of 
rising sea levels in the Maldives and ensure 
tourism into the future.       

Strengths Weaknesses

Opportunities Threats

  FIGURE 6  SWOT analysis  

  weblink     
Maldives
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•	 how to achieve a balance between conservation and development
•	 how decisions are made about the ways in which coasts will be used
•	 how to evaluate the success of individuals, groups and the levels of governments in managing 

coastal issues.

15.10.2 Protecting the coast
The protection of the coast through management programs is a costly business which aims to 
 overcome problems associated with land loss, waterlogging and incursions of groundwater salinity.

The Netherlands and Germany together spend 250 million euros on coastal works each year. 
The Netherlands, a country with two-thirds of its land below sea level, has proven that protecting 
the coastline is possible through a large investment of capital. The most common form of coastal 
protection in the Netherlands are dykes to hold back the sea; however, a recent addition is floating 
 settlements that can rise and fall as sea levels change (see figure 1).

FIGURE 1 Floating settlements anchored to the embankments along the waterfront at Maasbommel, 
the Netherlands

floating settlements  
anchored buildings that 
float on water and are 
able to move up and 
down with the tides

dykes an 
embankment 
constructed to 
prevent flooding by 
the sea or a river

groundwater salinity  
presence of salty water 
that has replaced fresh 
water in the subsurface 
layers of soil

TaBLE 1 Nations with the largest populations and the highest proportions of population living in low-lying 
coastal areas

Top 10 nations classified by population in low-lying 
coastal regions

Top 10 nations classified by proportion of population 
in low-lying coastal areas

Nation

Population 
in low-lying 

coastal regions 
(103)

% of population 
in low-lying 

coastal regions Nation

Population in 
low-lying coastal 

regions (103)

% of population 
in low-lying 

coastal regions

1. China 127 038 10 1. Maldives 291 100

2. India 63 341 6 2. Bahamas 267 88

3. Bangladesh 53 111 39 3. Bahrain 501 78

4. Indonesia 41 807 20 4. Suriname 325 78

5. Vietnam 41 439 53 5. Netherlands 9590 60

6. Japan 30 827 24 6. Macau 264 59

7. Egypt 24 411 36 7. Guyana 419 55

8. United States 23 279 8 8. Vietnam 41 439 53

9. Thailand 15 689 25 9. Djibouti 250 40

10. Philippines 15 122 20 10. Bangladesh 53 111 39
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15.10.3 Coastal management in Australia
If coastlines are to be protected, a wide range of strategies must be employed to combat changes to the 
coastline and, in particular, flooding of low-lying areas and increased erosion of beaches and bluffs. 
The techniques shown in table 2 are used in Australia.

The strategies are designed to protect the coastline by reducing the wave intensity or removing 
some human activities from the direct pathways of the waves. Each location requiring management 
will have different physical characteristics and will be used by the community in different ways. As a 
result there is no one solution to coastal management. In 2016, the wild storms associated with the 
collapse of homes along the Narrabeen-Collaroy coast was a case study in the natural forces that these 
strategies aim to address.

TaBLE 2 Possible management solutions to reduce impacts of sea level rise and erosion

Solution Description Diagram Advantages Disadvantages

Beach 
nourishment

The artificial placement 
of sand on a beach. This 
is then spread along 
the beach by natural 
processes.

Existing pro�le

Established vegetation –
shrubs and sand grasses

Initial nourishment
designed for 10 years

Sea level
Fencing

Sand is used that best 
matches the natural beach 
material. 
Low environmental impact 
at the beach

The sand must come from 
another beach and may 
have an environmental 
impact in that location.
Must be carried out 
on a continuous basis 
and therefore requires 
continuous funds

Groyne An artificial structure 
designed to trap sand 
being moved by longshore 
drift, therefore protecting 
the beach. Groynes can be 
built using timber, concrete, 
steel pilings and rock.

Groyne

Traps sand and maintains 
the beach

Groynes do not stop sand 
movement that occurs 
directly offshore.
Visual eyesore

Sea wall A structure placed parallel 
to the shoreline to separate 
the land area from the 
water

Coastal 
vegetation

Sea wall

Prevents further erosion of 
the dune area and protects 
buildings

The base of the sea wall will 
be undermined over time.
Visual eyesore
Will need a sand 
nourishment program as 
well
High initial cost
Ongoing maintenance and 
cost

Offshore 
breakwater

A structure parallel to the 
shore and placed in a water 
depth of about 10 metres

Wave breaks
on breakwater,
reducing much
of its energy

Sheltered area
protected
from erosion

Waves break in the deeper 
water, reducing their energy 
at the shore.

Destroys surfing amenity of 
the coast
Requires large boulders in 
large quantities
Cost would be extremely 
high

Purchase 
property

Buy the buildings and 
remove structures that are 
threatened by erosion House

threatened
by erosion

Sea level

Allows easier management 
of the dune area
Allows natural beach 
processes to continue 
Increases public access to 
the beach

Loss of revenue to the local 
council
Possible social problems 
with residents who must 
move
Exposes the back dune 
area, which will need 
protection
Cost would be extremely 
high
Does not solve sand loss
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15.12 How do coastal 
areas change?
Consequences of coastal changes can vary in severity from coastal footpaths crumbling and 
collapsing into the sea, whole unit blocks being undermined by pounding waves and collapsing, 
farmland being inundated with salty water to whole communities being destroyed.

acTIvITIEs

IDENTIFY
1 Refer to table 1. Identify which country is most 

susceptible to changing coastlines in terms of 
absolute population numbers?

EXPLaIN
2 Explain why the Netherlands spend money on 

coastal protection.
3 Explain how a coastal defence system such as 

a dyke works.

PREDIcT
4 Predict the impact that a rise in sea level and 

erosion could have on future food security.

aPPLY
5 Predict possible impacts of sea level rise and 

coastal erosion on the tourist industries of the 
Gold Coast area of Australia? What strategies 
of coastal protection, as mentioned in this 
chapter, could help solve the problems, and 
how might they work?

6 Evaluate the strengths and weaknesses of two 
of the management strategies shown in table 2.
a Which strategy would have the least 

environmental impact?
b Which strategy would be the most costly to 

maintain?

15.11 SkillBuilder: 
Comparing an aerial 
photograph and a 
topographic map 
What comparisons can be made between aerial photographs 
and topographic maps?
Comparing an aerial photograph with a topographic map enables 
us to see what is happening in one place. Each format shows 
different information. A photograph can provide a clear impression 
of the activities taking place on the land or under the water 
at a particular moment in time. Topographic maps allow the 
cartographer to add information that cannot be identified from the 
air, such as place names and building names.

ONLINE ONLY

eLesson
Watch this video to learn 
how to compare an 
aerial photograph and a 
topographic map.

searchlight ID: eles-1751

Interactivity
Try this interactivity to 
learn how to compare an 
aerial photograph and a 
topographic map.

searchlight ID: int-3369

                                 Source: Map supplied by MAPLAND, Environmental and Geographic Information, Department for Environment and Heritage, South Australia
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347Chapter 15 Managing change in coastal environments

According to predictions made by the World 
Ocean Review, 2010, more than one billion 
people, most of them in low-lying coastal areas, 
could experience inundation and/or erosion of 
their lands into the future. This change to coasts 
is seen as stemming essentially from climate 
change which, as a human-induced event, is 
leading to rising seas and more frequent severe 
storm events. A consequence will mean an 
increase in what are known as ‘climate refugees’, 
people who will have to relocate due to coastal 
changes.

FIGURE 1 Homes destroyed by erosion at Collaroy 
beach after a storm event

creating a coastal vegetation transect
A consequence of environmental change along 
coastlines as a result of developments has been 
the removal or modification of coastal dune 
vegetation. Coastal vegetation is an important 
factor in stabilising coastal dunes and reducing 
the severity of storm surges and flooding. An 
investigation of coastal vegetation enables us 
to predict the severity of future flooding and to 
determine areas which will be most impacted. 
Refer to subtopic 15.3 to revise coastal dunes 
and vegetation.

Visit a beach with accessible sand dunes. You 
will need a coastal vegetation identification chart 
for your area.
1 Begin by identifying the different parts of the 

dune. Vegetation will generally begin at the 
front of the fore dune, with different species 
likely to be found at the back of the fore dune, 
the front of the back dune and the top and 
back of the back dune.

2 Take a measurement of the dune, and draw a 
basic cross section of the dune. This will be 
used as the basis of the vegetation transect.

3 Create a key that shows the symbols you will 
use to represent each species of vegetation.

4 Using your vegetation identification chart, 
identify the plant species found on the dunes 
and place symbols on your cross section 
showing where you found each species. Try to 
provide a rough indication of the height of the 
species found.

5 Identify the part of the dunes that have shortest 
and tallest species of plants growing. Provide 
reasons why this might be the case.

6 Compare your fieldwork with the diagram 
below. Discuss whether your findings are 
similar to the vegetation patterns evident in the 
transect.

7 Identify any features of plants that would 
enable them to survive in an area subject to salt 
water, high winds and limited soil nutrients.

8 Describe any evidence of human impacts on 
the dune vegetation.

FOcUs ON FIELDwORk
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FIGURE 2 An example of a sketch map
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acTIvITIEs

PREDIcT
1 Predict how coastal change as a result of 

climate change could impact on the coastlines 
of Australia.

EXPLaIN
2 Conduct a class debate on Australia’s roles 

and responsibilities in providing for the needs 
of climate refugees.

INvEsTIGaTE
3 Conduct internet research on locations 

around the world that will be impacted by 
sea level rise as a result of climate change. 
Create an interactive wall display showing the 
consequences of coastal change as a result of 
climate change.

15.13 Review 
To access this resource, go to your eBookPLUS at www.jacplus.com.au.

ONLINE ONLY

Design a Google Earth tour
Google Earth allows you to manually navigate the globe on your screen. It also allows you to view 
and create automated tours. A tour enables you to see a series of locations linked with geographical 
information which automatically plays like a video. You can select locations and add geographical 
information that relates specifically to the site to create placemarks to add to your tour.

Creating placemarks
Open Google Earth. To create placemarks, navigate the globe to a specific location. In the top/main 
menu, click Add > Placemark OR click Add Placemark in the toolbar. Name the location and add a 
description of the site and any other relevant multimedia. Click OK.

Creating tours
In Google Earth, create a new folder by clicking Add in the [top/main] menu and clicking Folder, and 
then add a series of placemarks. You can add photos, narration, videos and links to each placemark. 
To view the tour double-click each placemark in the left-hand menu. Ensure that you save your tour.
1 Choose a coastal area that has experienced change. Choose a series of specific locations that 

show evidence of the coastal change, or the cause or consequences of the coastal change. Create 
placemarks at each location and add information describing the site, as well as photos, links to video 
and websites to the placemark. Record your tour and share it to a class website or save it in your 
own student portfolio. Demonstrate your tour to your class.

GEOskills TOOLBOX  
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